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Thelymitra epipactoides F. Muell. (metallic sun-orchid) was onee widespread in coastal

regions of south-castern Australia but extensive elearing of habitat and collection by orchid
enthusiasts has resulted in a significant reduction in its distribution. At present seven small
populations (2-250 adult plants) survive on public land. Before adequate management
proccdures ean be developed a better understanding of the species and its biology is
required.

Variation in floral and vegetative characters and the phenology of T. epipactoides are
deseribed. The population structure and major thrcats at three Vietorian sites are
considered; heavy grazing by chrysomelid bectle larvac, tortricid moth larvac and rabbits is
recognised as a major threat to these populations. Evidenee suggests that the lack of
occasional summer-autumn fires is also ¢ontributing to the deeline of the speeics. Fire
apparently reduees competition with dominant shrubs and grasses, and inereases seedling
recruitment through the promotion of flowering, leading to inereased seed set. Fires also
create open sites suitable for scedling establishment. The lack of pollination and seed set at

coastal sites in reeent years is a long tcrm threat to these populations.

THELYMITRA EPIPACTOIDES (metallic
sun-orchid) was once widespread though never
common in coastal regions of Victoria and
South Australia (one specimen in the National
Herbarium of Victoria has been recorded from
Bulli in Ncw South Wales). Extensive clearing of
habitat and collcction by orchid enthusiasts
have resulted in a large reduction in its distri-
bution. Leigh et al. (1984) considered the species
to be endangered. With the three largest popu-
lations in Victoria now located in conservation
rescrves, suitable management nceds to be
devcloped and implemented. Information pro-
vided by Dr R.F. Parsons and Mr C. Beardscll of
the La Trobc University Botany Department,
based on their continuing survey of localitics of
rare and endangered plant specics within Victo-
ria, has enabled the development of our present
rescarch program on 7. epipactoides.

This paper, which is based on ficld studies
during 1984-1986, provides a detailcd account
of the morphological variation, demography,
phenology and general ecology of 7. epipactoides
and an introduction to the breeding strategy,
highlighting the importance of these aspects in
its conservation, Known threats are described in
detail and possible courses of action suggested.
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A dctailed morphological description is pro-
vided to quantify the variability of certain char-
acters and accurately define other characters
within the species, so as to establish a sound data
basc on which to study the phenology, dem-
ography and pollination ccology of the main
Victorian populations.

STUDY AREAS

The main populations of T. epipactoides in Vic-
toria arc located within Port Campbell National
Park, Bay of Islands Coastal Reserve, Weecurra
Flora Reserve near Casterton and at Kiata Flora
Reserve ncar the Little Desert National Park
(Fig. 1). Small populations have also becn found
in rceent years in the Grampians region, the
Lower Glenelg National Park and within the
Gippsland Lakes Coastal Park. The last two
populations, however, were not located during
1985-1986.

Port Campbell National Park has a large pop-
ulation of plants (Table 1) distributed along a
narrow (Iess than 50 m widc) strip of open heath-
land on the top of a sandstone cliff, on the
seaward side of the main road cast of Port
Campbell. The vegetation consists of low (less
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Fig. 1. Location of the seven existing populations of Thelymitra epipactoides in Victoria. 1, Local Flora Reserve,
Kiata. 2, Grampians. 3, Weecurra Flora Reserve, Casterton. 4, Lower Glenclg National Park 5, Bay oflslands
Coastal Park 6, Port Campbell National Park. 7, Gippsland Lakcs Coastal Park.

Port Bay of Wecceurra
Campbell Islands Flora Reserve
Flowering Plants 26 46 37
Mature Non-flowcring Plants 18 163 9
Subtotal (Adult Plants) 44 209 46
Immature Plants 148 90 20
Total Plants 192 299 66

Table 1. Number of flowering, mature non-flowering and immature plants recorded for
the three main populations of Thelymitra epipactoides in Victoria.

than 1 m high) heathland dominated by Lepro-
spermum  scoparivm and Leucopogon parvi-
Sflorus.

The population in the Bay of Islands Coastal
Reserve is located in a narrow (less than 100 m
wide) coastal strip of vegetation on a cliff top
bordered to the north by farmland. This popu-
lation is widely spread over several kilometres.
During 1985 the western section of this popu-
lation, comprising 209 adult plants (Table 1)
growing in grassland dominated by Themeda

australis and Poa poiformis, was studied in
detail. The site has not been burned since 1973
{Beardscll 1980-1984) and is being invaded by
Leucopogon parviflorus and Leptospermum sco-
parium.

The largest inland population of T. epipac-
toides in Victoria, with a total of 66 plants, is
located in the Weecurra Flora Reserve near Cas-
terton (Table 1). The population is distributed
over two areas: a formerly-grazed paddock rein-
vaded by Leptospermum juniperinum, and a
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relatively ungrazed site. The vegetation consists
of heathland and sedgeland in which 7. epipac-
toides occupies the more opcn sedgeland.

BACKGROUND DATA

Beardsell (1980~-1984) recordcd T. epipactoides
in a varicty of heathy and coastal habitats,
although it appeared to survive only in opcnings
between the dominant shrubs. As a mcans of
reducing competition, Beardsell recommended
early autumn burning oncc every five years or
grazing during thc summer dormant period. The
effcct of competition is difficult to ascertain
because somc observations suggest that the
orchid can survive sevcral years of strong com-
petition. For example, Beardsell rcported the
reappearance after 10 years of an individual that
had been supprcsscd by heath at the Bay of
Islands Coastal Reserve, and we have seen adult
plants growing at the base of rccently dead
shrubs of Leucopogon parviflorus and Leptosper-
mum juniperinum that, when alive, would have
provided strong competition. It appears that 7.
epipactoides forms part of a disclimax commu-
nity, possibly maintained by fire. Observations
at Weecurra Flora Reserve before and aftcr
burns indicatc that fire stimulates flowering in
the short term and is associated with an
increased total number of plants in the long term
(Beardscll 1980-1984).

Although collection and habitat loss are histo-
rical factors leading to the declinc of T. epipac-
toides, Beardsell (1980-1984) noted grazing and
competition as important threats to existing
populations. An additional, longer term threat is
the observed lack of natural pollination (Beard-
sell 1980-1984; Lcigh ct al. 1984). At the Bay of
Islands Coastal Reserve, for example, Beardsell
recorded variable seed set, with many plants
producing no sced at all. The only immature
plants obscrved at Port Campbell National Park
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during 1985 may be thc progeny of hand polli-
nations by Beardsell in 1981 (pers. comm.). The
abscnce of immature plants at the Bay of Islands
Coastal Rescrve and Weecurra Flora Reserve,
where Beardscll hand pollinated in 1981, may be
explained by the lack of suitablc microhabitats
for seedling cstablishment.

As yet, T. epipactoides has only been found in
association with the fungus Tulasnella asymme-
trica (Warcup & Talbot 1967). This fungus has
been found in association with a wide range of
common orchids, such as T. luteocilium, T,
grandiflora (now T. aristata), T. nuda and T,
pauciflora (Warcup 1973; Warcup & Talbot
1967, 1971). It is unlikcly, however, that the
absence of the fungus is a factor contributing to
the orchid’s rarity.

MATERIALS AND METHODS

Atcach of three Victorian sitesa minimum of 50
plants werc chosen at random and their position
noted in relation to permanent pegs. Nine floral
and vegetative characters were recorded for cach
individual (Table 2). Certain characters were
unavailable in some individuals due to leaf and
flower loss resulting from grazing and discase.
Each population sample was divided into threc
size classes: maturc/flowering, mature/non-
flowering and immature including seedlings.
Subsequently we combined the data of cach size
class from cach population to providc an over-
view of the spccics variability. All mecasure-
ments were made using a 250 mm MITUTOYO
vernier caliper. All measurements on adult
plants, except leaf thickness, were noted during
the pcak of the flowering period in October. The
measurcments on the immaturc plants were col-
lected during August.

Relative humidity was measured using a
pocket whirling hygrometer (No. 7765, Negretti
and Zambra Ltd, London). Ambient air temper-

Measured on all plants

Measured on only one plant

Leaf length

Leaf width

Leaf thickness

Total height

Length of lower braet
Length of upper braet
Infloreseenee length
Number of flowers
Length/Width ratio of tepals

Root tuberoid length
Root tuberoid diameter
Root length

Table 2. Charaeters reeorded for the morphometric analysis of

Thelymitra epipactoides.
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ature was taken using an eleetronic temperature
sensor (National Semiconductor 1M334)
enclosed in a small polyvinyl ehloride eabinet.

A erossing program involving random sclec-
tion of 18 (7% of population) flowering plants,
each with more than 8 flowers, was eondueted at
the Bay of Islands Coastal Reserve. Duplicate
autogamous, geitonogamous and xenogamous
crosses were made on one infloreseenee and the
flowers sealed with seeeotine (E209, Australian
Entomological Supplies, Greenwich, NSW), a
elear water-based entomological glue. Two more
flowers on cach infloresecence were sealed, one
with the pollinia retained in the anther, to test
for cleistogamy, and the other with pollinia
removed, an initial test for apomixis. In general
no damage was incurred as a result of this treat-
ment, although a few blue-flowered plants ineur-
red minor burns to their tepals from the sceeo-
tine. The erosses were inspeeted at 12, 24,48, 72,
and 96 hours. At eaeh time the post-pollination
response of all the erosses was noted and one
xenogamous, onc geitonogamous and one auto-
gamous cross was collected from the inflores-
cences ol three randomly ehosen plants to be
inspeeted subsequently for pollen tube growth
(any one plant not being harvested more than
once). The series of duplicate crosses remaining
on the infloreseenee were allowed to mature.
Seed from these pollinations was eollected in
December, dried for several weeks at room tem-
perature (20-25°C), dessicated for 24 hours and
stored at 4°C in sealed jars (method reeom-
mended by M. Clements, pers. eomm.).

To study the growth of the pollen tubes after
crossing, the ovaries and styles of the 7. epipac-
toides erosses were initially fixed in FAA (1:1:18
Formalin:Aectic Aeid:95% Ethanol) and then
prepared and stained with deeolourized aniline
blue aceording to the method used by Williams
et al. (1982). The squashed tissuc was inspected
under ultraviolet illumination using an Olym-
pus BH-2 fluoreseent mieroscope, with the BH2-
RFL reflected light fluoresecenee attachment,
BP-405 Violet exeitation filter, DM-455 and Y-
455 diehronie mirror and the Y-475 barrier filter
attached.

All inscets found on 7. epipactoides were col-
leeted and preserved in 70% ecthanol or killed
with ether and pinned by standard techniques
(see Norris & Upton 1978) for later identifica-
tion. Random sweeps with a 30 cm inseet net
(E39, Australian Entomological Supplics,
Greenwich, NSW) were taken throughout the
flowering season and the collected inscets
inspected for pollinia before being released.

Identification was earried out using The Insects
of Australia (CSIRO, 1979) and the taxonomie
trcatments recommended in that publieation.

RESULTS
Demography

Within the three populations of T. epipactoides
the age structure was not diseernible beeause
no charaeter or combination of characters
adequately separated suceessive annual eohorts.,
Fig. 2 indieates the spread of the Ieaf width and
thickness for all individuals with intact leaves.
All plants with leaf widths greater than 15 mm
produced infloreseences in 1985 or showed evi-
denee of infloreseences from a previous season.
Leafwidth provides a reliable threshold between
the immature growth stages of 7. epipactoides
and the mature stages when individuals are eap-
able of flowering. Each population could there-
fore be divided into mature flowering plants,
mature non-llowering plants and immature
plants on the basis of this character. Other
features such as leaf venation and the eross-
seetional shape of the leaf also correlated with
this grouping (seec morphologieal deseriptions
below).

During 1985 the spatial elustering of mature
and immature plants was noted. Mature plants
were more dispersed, approximately 1 plant
every 3 metres, in comparison with immature
plants whieh formed eompaet colonies, often
with more than 50 plants per square metre.
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Fig. 2. Ratio of leaf width and thickness for the three

main  Vietorian  populations of  Thelymitra

epipactoides. Open stars represent flowering plants,
closed stars non-flowering plants.
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Description of Thelymitra epipactoides Root tubcroid obovate, creamy whitc, length

In the following description morphological data 33 mm, diameter 19 mm, connected to base of
arc expressed as ranges delimited by 95% confi-  Stcm by short (12 mm), stout (5 mm diameter)
dencc limits, followed by the sample size, the connection. Old root tubcroid shrivelled, light

mean and the standard deviation within paren-  brown, length 42 mm, diamecter 9 mm. Both root
thescs. All data show a normal distribution tuberoids surmounted by a ring of roots located

except for the length of the sccond floral bract 4t 40 mm below soil surface, varying in length
(X2=12.7125, X2, _056=12.592,0.05 < P <  from 60-250 mm with a relatively constant

0.025). For this character the modcs are given,  diameter of 3-4 mm, extending to a depth of
The subterranean parts of only onc plant were  200-300 mm. Roots originating from basc of
observed, and hence no variation of below ~cataphyll which covers subterrancan tissuc of

ground characters within the specics can be lcal: Cataphyll brown, scarious (Fig. 3B).
given. Peduncle stout, straight or slightly flexuose

. with one (occasionally two) stem-clasping
Flowering Adult Plants. T. epipactoides is a gla-  bract(s), lower bract 76-318 mm (38, 197 + 60)
brous tubcroid geophyte, 214-644 mm (38,429  long, upperone(when prescnt) of variablclength
+ 106) high, including inflorescence. Leaf sin-  (modcs being 0, 70, 105 and 145 mm, in order of
gle, erect, lanceolate, 81-398 mm (38,240 + 78)  decrcasing frequency). Inflorcscence 76-300
long, 17-53 mm (37, 35 + 9) wide, 0.7-2.4 mm  mm (38, 189 + 55)long, with 7-31 (38, 18.9 =
(57, 1.6 = 0.4) thick, sheathing. Sheath slightly ~ 6.0)flowers. Each flower with an clliptical tolan-
flanged, bases tinged red, not covering basc of  ceolatc acuminatc floral bract coveringlhe_pedi-
first bract. Leal blade with 1-5 prominent cel and part of thc ovary. Flowers rcsupinate.

keeled wveins, the number increasing with size Owary inferior, unilocular with parictal placen-
(Fig. 3A). tation, consisting of six scgments, the three inner
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segments bearing double placentae, the three
outer ones sterile.

Several flower colour morphs are present in
each population, ranging from bluc to green and
brown or even pink. The flower eolour of each
plant is constant. Dectailed inspection of the
tepals indicates that the colour results from a
mixture of eells with different pigmentation, the
final colour being produeed by different propor-
tions of the variously coloured cells. Perianth
segments elliptical to ovate, rigid, mueronate.
Lamina flat in brownish flowers or conspicu-
ously concave in bluc-flowered plants, resulting
in closed flowers being eylindrical or bulbous
respeetively. The length and width of the peri-
anth segments decrcase up the infloreseence and
have a ratio 1.4-2.3 (34, 1.8 + 0.22). Labellum
undifferentiated, slightly concave, never becom-
ing fully expanded when the flower opens,
remaining horizontal as a platform. Inner sur-
face of all perianth segments covered with uni-
cellular, unbranched trichomes which are pig-
mented and may contribute to seent production.
The combination of these trichomes and the pre-
scnee of airspaces between the epidermis and
mesophyll of the tepals give some plants a char-
acteristic metallic sheen. A sweet smelling seent
is produeed on days when the flowers are
open.

The column is the central structure of the
flower and consists of the style, stigma and
anther, enveloped by wings. These wings are
open in front, exposing the stigmatic surface,
rostellum and anther point (Fig. 4A, B), and are
ornamented with five lobes: two lateral lobes
(column arms), two mid-lobes and a post-anther
lobe. The two lateral lobes projeet forward, with
theirendscovered in numerous multicellular tri-
chomes up to 3 mm long. The two mid-lobes are
laminate, produced over the spaec between the
post-anther lobe and the penicillate column
arms, and are irregularly lobed to dentate (Fig.
4). The post-anther lobe is laminate, ercet, den-
tate, cxtending above the trichomes. The
column is usually pigmented. The post-anther
lobe and mid-lobes are yellow, the wings a lighter
tone of green and the small region between them
brown. No brown or green pigmentation occurs
on the column of the bluc flowered plants. The
penicillate column arms are not pigmented.

The style and the anther are scparate except
for the connection at the rostellum. Stigma orbi-
cular with a deep groove behind the rostellum,
laminate for the greater part, almost vertical (tis-
sue supported by a thick prominent ridge on the
lower surface), produced into a short thick style

at the base conneeting to the top of the ovary.
Stylar canal open (Fig. 4A). Stigmatic surface
covered with wet mucilage underlined with
papillac. Androecium situated behind the
stigma, only the anther point being exposed.
Anther introrse, dehiscing by longitudinal glits
and containinga four-lobed pollinium. Staminal
filament fused with column wings, basifixed,
produced above into aslender acuminate anther
point (Fig. 4A, B).

Pollen grains suleate, prominently reticulate
and forming tetrads agglutinated into a four-
lobed pollinium. Pollinium pale yellow. Lobes
clavate, glued together along the edge closest 1o
the stigma, the two groups fused to a common
short stalk, the ecaudicle, positioned in the
groove on the dorsal cdge of the stigma and
covered by the rostellum (Fig. 4A, B).

The pollinium, when eonneeted to the stigma
by the rostellum, partially protrudes from the
anther, only becoming frec after the rostellum is
touched and the caudicle lifted up. The pollin-
ium lobes are vertieal in the anther, sprcading
after removal (Fig. 4A).

Thelymitra epipactoides is a perennial specics
perpetuating by an annually replaced root tube-
roid. The orchid is dormant over the summer
period, with only the remains of the previous
scason’s leaf and peduncle obvious. The Jeaf
emerges from the ground in carly autumn,
slowly develops over winter and reaches full size
before spring. During this period the inflores-
cence also develops, reaching full height and
flowering in October (carly spring). Pollinated
flowers develop over the next month to shed
sced in carly Deeember (Fig. 5).

Mature non-flowering plants. These differ from
the flowering plants in that they produee a lan-
ccolatc to lincar-lanccolate, creet, aglaucous
leaf, 131-511 mm (7,321 % 78)long, 11-30 mm
(7, 21 + 4) wide, 0.3-2.7 mm (7, 1.5 + 0.5)
thick, with 3-5 prominent keels. Leaf not
sheathing. Cataphyll obvious at soil level.

Immature plants. These produce a linear leaf,
usually at an acutc angle to the ground (Fig. 6B),
andupto338 mm (29, 167 + 84)long, 3-14 mm
(29, 8 + 3) wide, 0.2-1.6 mm (28, 0.9 + 0.3)
thick; smaller leaves not keeled, convolute; keel
developing and lamina becoming flat as width
increases. Grey-green with red at base of leaf,
cataphyll usually obvious at soil level. Immature
plants grow on open bare patches of soil between
the surrounding serub (Fig. 6A, B), around old
Leptospermum stumps or on the sides of open
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5 mm

Fig. 4. Ovary and column structure of Thelymutra epipactoides. A, Half flower with perianth removed,
iltustrating the orientation of the anther with respect to the stigma. B, Frontal view of the column. C, Lateral view
of the column wings. A =anther, AP =anther point, CA = column arms, ML = midlobe, O = ovary, P = pollinium,
PAL = post-anther lobe, R = rostellum, S = stigma, SC = stylar canal, T = trichomes.
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APR

Fig. 5. Annual life cycle of 7. epipactoides. Notc that the plant is dormant from January to March.

paths. At Port Campbell National Park open
patches of soil were created after salt pruning of
the Leptospermum shrubs. The soil surface pH
at the Victorian sites varied from 5.6 to 7.5
during Deeember 19835, saturated soils being
approximately neutral whercas the better-
drained soils were slightly acidic.

Flowering period. The main flowering period is
during October. Flower opening appears to be a
complex process involving responses to sun-
light, temperature and humidity. In general,
flowers open when the relative humidity islower
than 52%, air temperature is above 15°C, and
skies are essentially clear. During October 1985
only 6 days were noted in which such conditions
prevailed and flowers opened.

Breeding strategies. No detectable physiological
difference was observed between autogamous,
geitonogamous and xenogamous crosses. All
produced seed at the same time and showed no
difference in the rate of growth or development

of pollen tubes. Studies on the progeny of xeno-
gamous and autogamous crosses are currently
being carricd out in conjunction with the Aus-
tralian National Botanic Gardens, Canberra to
reveal any deleterious effects of inbreeding, The
crosses designed to test for eleistogamy and
apomixis did not produce sccd, indicating that
mechanical self pollination and parthenogcnesis
respectively do not occur in this species,

At Wececurra Flora Reserve, native bees, the
most likely pollinators, were recorded during
1985 when 35% (a total of 109) of the ungrazed
flowers formed capsules and sct seed. On the
coast no natural pollination was recorded. Dec-
spite careful obscrvation no bees were seen in
the vicinity or observed working typically bee-
pollinated plants within a kilometre of the pop-
ulations. Numerous types of flies including hov-
crflics were recorded, mainly fceding on
flowering Leptospermum scoparium,

Threats. The Port Campbell population faces a
variety of threats of whieh severe grazing is the
most obvious. Grazers inelude chrysomelid
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Port Bay of Weeeurra
Campbell Islands
A Damage to plants
Grazing
Chrysomelid beetle larvae 52 2
Tortrieid moth larvae 12
Maeropods 45 23
Rabbits 41
Slugs 1
Diebaek 27 21
Infeetions
Fungal 6
Baeterial 2 12
Waterlogging 7
Burnt leaf tip, due to late burns 11
Physieal damage by man 1
Total number of plants inspected 128 44 50
B Threats to populations
Competition
Shrubs ? yes previously
Grasses no yes no
Reduced pollination rate yes yes no
1llegal eolleetion 1985 ? yes ?

IThis number likely to be an underestimate because we seleeted areas with low rabbit

numbers.

Table 3. A, Number of Thelymitra epipactoides plants damaged in three Vietorian sites
during 1985/86 (numbers based on a random sub-sample of population). B, Threats to
population survival of Thelymitra epipactoides at three Vietorian sites.

beetle larvae (Family Chrysomelidae, subfamily
Chrysomelinac), rabbits, kangaroos and slugs;
by the end of the season 66% of the population
was heavily grazed (Table 3). The adult orchids
were grazed predominantly by the beetle larvac
which appear speeifie to this species (several
specimens havebeen deposited in the Australian
National Insect Colleetion, voucher number 85-
376). The larvac congregate in groups of 4-6

individuals of various ages and ranging in length .

from 2 to S mm. They feed on the tip or the edge
of the leaf, working inward and leaving a char-
acteristie jagged cdge. If disturbed the larvae
drop from the leaf, usually landing within the
lcaf sheath. Plants were noted with beetle larvae
on them as early as 13 August and as late as 8
October, An attacked plant usually lost its leaf
within a couple of weeks but no grazing of
flowering stems was noted. Grazing by kanga-
roos was mainly confined to patches of imma-
ture plants and corresponded to the general
grazing of adjacent grassy areas.

A problem prevalent at both coastal sites but
not clsewhere was leaf diebacek. This affeeted the
distal parts of the leaf resulting in shrivelling and
loss of leaf tissue, eventually leading to total de-
struction of the leaf as the scason progressed.
The process has not been investigated but
appearcd to be quite distinet from normal sen-
eseenee.

In 1985 a large proportion of the Weeeurra
Flora Reserve population was grazed by kanga-
roos and tortricid moth larvae (Family Tortrici-
dae, Subfamily Oleothreutinac). The moth lar-
vae typieally tie together the edges of the leaf and
cat the interior. On some plants the inflores-
cence was also caten. Eastern grey kangaroos
(Macropus giganteus) were observed at the site,
although a number of other kangaroos and
wallabies are also known to be in the area. The
orchid population was not grazed prior to the
commencement of flowering but was severely
grazed afterwards, causing a large loss of poten-
tial sced. Plants were afforded some protection
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adjacent to crowns of Xanthorrhoea minor,
whose rigid angular leaves discouraged close
grazing. Despite the heavy grazing of the inflor-
escence in this population of 7. epipactoides,
35% of the flowcrs set seed in 19835,

DISCUSSION
It is essential that the phenology of a plant is

known before the environments where it grows

can be effectively managed. Thelymitra epipac-
toides i1s a perennial plant and individuals rely
on root tuberoids as their only means of perpe-
tuation. Nutrient assimilation is dependent both
on the orchid with its single leaf and, to an
unknown cxtcnt, on the mycorrhizal associate
Tulasnella asymmetrica, The leaf is exposed for
approximately 9 months of the year, the orchid
becoming dormant during the summer/autumn
dry season.

None of the Vietorian populations could be
divided into age cohorts on the basis of vegeta-
tive charaeters, although only the larger plants
produced flowers.

The stimulus for flowering is unknown. Wells
(1981) showed that for Spiranthes sp. the total
rainfall and carth temperature (at 300 mm) dur-
ing winter is positively correlated with the per-
centage of plants flowering, and that summecr
rainfall is of importance for /ferminium, both of
these being British terrestrial orchids. Gill &
Groves (1981) discussed the role of ethylene in
increasing flower response in a variety of mono-
cotyledons after fire. The affect of these factors
on the associated mycorrhizal fungus is
unknown. Historical records of T. e¢pipactoides
and other orchids (Gill & Groves 1981) deseribe
inereased flowering afier fire. This could be due
to incrcased nutrient availability to the orchid
resulting from a flush of mycorrhizal fungi or re-
lease of ethylene. Both of these could be further
modified by the climatie requirements of the
orchids.

QObservations on plants subject to competition
from shrubs or grasses suggest that lcaf size and
flowering are related to nutrient levels and light
availability. At the Bay of Islands site, where the
vegetation has not been burned since 1973, the
population consists largely of non-flowering
mature plants. It secems likely that reduced pho-
tosynthesis duc to shading by vigorous grasses
has resulted in inadequate replenishment of the
tuberoid for flowering to oceur.

Thelymitra epipactoides is potentially a pro-
lifie seed producer even though the flowers are

open only occasionally during the short
flowering scason. Contrary to the belicf that
temperature is the major factor influencing
flower opening in Thelymitra (Beardsell & Bern-
hardt 1982; Bernhardt & Burns-Balogh 1986),
data colleeted in this study indicate that low
humidity is also an important factor.

When the flowers of T. epipactoides open they
form an attractivc multi-flowered display with a
sweet perfume. The flower appears to provide no
reward for visiting pollinators and the inscet is
duped into visiting the raceme. A form of deeep-
tion, floral mimesis, has been reported in two
other Thelymitra species, T. nuda (Bernhardt &
Burns-Balogh 1986) and 7. antennifera (Dafni &
Calder 1987), and possibly also in T. pauciflora
(J. Armstrong, unpublished data 1986). Thcse
speeics appear to mimic similar-coloured plants
which bloom at the same time and provide nec-
tar or pollen for collection. Batesian mimiery
such as this requires that the mimic has a lower
population density than the model and has rela-
tively constant flower colour. T. epipactoides
does not appear to mimie the blooms of other
plants but maintains a deception by maximizing
both the total floral display and variability of
flower colour, thus promoting inseet visitation
and movement. The flower provides sign stimuli
to elicit a search response, which results in the
removal of the pollinium. Potential pollinators
respond to the visual and olfactory display in a
way similar to their response to other unfamiliar
flowering plants.

The lack of pollination on the coast is possibly
due to the local absence of the natural pollina-
tor.

At Bay of Islands Coastal Reserve and
Weecurra Flora Reserve seedling recruitment
intothe 7. epipactoides population islow, This is
probably duc to the lack of disturbed soil such as
that found near man-made tracks, soil slips, ani-
mal tracks and old cchidna diggings. Although
not recorded in the literature, we have found 7.
pauciflora, T. nuda, T. aristata and T. mathewsii
in addition to T. epipactoides on recently dis-
turbed sites. It is possible that many Thelymitra
are cssentially eolonizing species.

The immediate effect of grazing on a plant is
the reduction of leaf arca resulting in loss of pho-
tosynthctic capability. Under these conditions
the orchid may become more dependent on the
associated mycorrhizal fungus for nutrients and
encrgy. It is possible that continued heavy graz-
ing may so reduce the resources of the tuber that
it is no longer viable. Whether a plant of 7. epi-
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pactoides can be sustained by its mycorrhizal
associatc for scvcral ycars is unknown.
Threats to the survival of the species havc
been identified as reduction of habitat, grazing
and removal from thc wild by collectors.
Although these threats are not major problcms
for extant populations, they have resulted in an
increased risk of extinction through ovcrall
reduction in numbers, It is possible that rcduced
breeding success is linked with habitat destruc-
tion through the rcmoval of native pollinators.

Management and conservation procedures

Previous burns at Weecurra Flora Reserve have
shown that firc promotcs flowcring and often
precedes major recruitment cvents (Beardscll
1980-1984). Fire also reduces competition from
shrubs and grasses, leading to an increasc in pop-
ulation numbers. In a natural firc regime the
vegetation communitics are maintaincd as opcn
hcathlands or grasslands with numerous opcn
sites. The obscrvations at Port Campbcll
National Park suggest that open patches of bare
soil arc required for germination and carly
development of this orchid.

The frequency of firc is extrcmely important
for long tcrm population survival, the appro-
priate pcriod between fires depending on the
floristic composition of the associated commu-
nity. The aim should be to maintain the vegcta-
tion cover at a level at which a population of 7.
epipactoides is not detrimentally affectcd. As a
gencral managecment plan, Beardsell (1980-
1984) recommended that populations in heath-
land should be burned every 5-10 years and
those in grasslands every 3-4 years. Burns
should occur betwcen January and March, the
dormant period of thc orchid, subject to local
fire safety.

At some localities, two barricrs to seedling
recruitment may exist: lack of pollination and
lack of suitable sites for seedling establishment.
If a population of T\ epipactoides has not been
pollinated for several ycars there may be a casc
for artificial pollination as a mcans of increasing
potential seedling rccruitment, In areas with a
high levcl of disturbancc from a rangc of causcs,
suitable sites are availablc for sccdling establish-
mcnt provided the disturbance is not cxcessive
or continuous. In arcas not permittcd to burn,
disturbance suitable for sceding establishment
may not occur naturally and suitable regimcs
will need to be cstablished. Idcally, all competi-
tive vegctation should be rcmoved from small
areas (1-2 m?2) and thc soil Icft fallow for scveral
months beforc sced is relcascd.

S. C. CROPPER, D. M. CALDER AND D. TONKINSON

The reduction or climination of grazing poses
some problems for managers. Although the
exclusion of cattle and sheep at major sites has
been achieved through erection of new fences
and the withdrawal of grazing leascs (as recom-
mended by Bcardscll 1980-~1984), the threat
from rabbits has not been removed, resulting in
the partial loss of thc populations at Port Camp-
bell National Park and at the Bay of Islands
Coastal Rcserve (Beardsell 1980-1984). In addi-
tion, a population of 82 plants (many of them
scedlings) within thc Bay of Islands Coastal
Rcscrve were totally eaten by rabbits betwcen
August and October 1985, and it is possible that
a numbcr of other sites within thcse rescrves
were heavily grazed by rabbits during this study.
Future burns will lead to a rcduction of feed and
the movement of rabbits farther from their
warrens in search of food, possibly resulting in
incrcased grazing of T. epipactoides. The only
way of preventing this is through ercction of
rabbit-proof cxclosures around the orchids orby
appropriatc rabbit control programs.
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